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, tended) A process for conducting catalytic steam and CO2 hydrocarbon 
reforming, steam-alcoho, reforming water gas sh,ft, and denydrogenation reactions for 
Ruction and use of hydrogen and synthesis gas which includes: 

a far-outer impermeable hollow ti.bu.ar cyhnder wmch nests two more concentric 
permeable tubular cylinders, having the inner permeable one to be nested within the 
orter permeab.e cyltnder, witi, the inner permeable cyhnder ,0 be filled with catalyst 
particles and include tubular type heaters .ocated a,ong the axis, with the catalyst ,n 
^ or parnde form to be a reforming, water gas sh,ft or dehydrogenation catalyst 
depending on the type of feeds** fed in the inlet of me reactir and the type of 
.actions conduct wtihrn the catiuytic zone, tether, with hydrogen to be removed vta 
permeation along tire inner membrane tube, wherein the membrane is made by a metid, 
me*, alloy, non-porous inorganic or nonorganic or composite matena,, which also 
„ as catalysts for me reactions, wtth carbon monoxide, carbon dioxide, steam, 
hydros, alcohols and non-permeate hydrogen ,0 be rejected by me membrane and 
ex„ through me main outlet of the tnner ti.be, with the permeate hydrogen to be dt.uted 
by a carrier gas flowmg along me annular zone between mner and outer permeable rubes 
a„d further removed via permeation along the outer permeable membrane ti.be, wherein 
me outer membrane is made by a metal, me*, alloy, non-porous inorganic or metal- 
inorganic or composite matenal, so that second permeate stream contains pure hydrogen 
„„,,, with the annular space between the outer membrane tube and the far-outer 
impermeabte rube which receives fina! permeate hydrogen ti, contain a selective catalyst, 
wherein permeate hydrogen reac* with a sweep component flowing through the inlet of 
this annular space in an exothermtc type reaction and produces a product which exits via 



a separate outlet located by the end of the outer annular zone, with the membranes to act 
atso as catalysts for the reactions, wife the heat generated by the exothermic reaction m 
«he most-outer catalytic zone to be transferred via the radial direction into the main 
catalytic reaction zone of the inner membrane tube thus providing for part of the heat 
load necessary to drive the endotemic catalytic reactions within the inner membrane 
tube, wife the main heating load of this inner zone to be achieved via heat transfer from 
the inner gas tithes which operate in the combustion regime by flowing waste or flue type 
hydrocarbons or hydrocarbon-hydrogen mixtures mixed with oxygen or air, and by 
flowing unreacted hydrocarbons, alcohols a*! carbon monoxide post-reaction species, 
and any of their mixtiues, which are exiting from the inner membrane tube ouuet and are 
( V recovered in the downstream of the reactor by use of separation processes including 
membrane separation and by having these fuel gas mixtiores to be recycled into the inle, 
of the heating tubes to support combustion and heat provUion in the surrounding inner 
catalytic zone, and finally with the sweep reactive component, wluch reacts with the 
hydrogen permeated via the outer membrane tube, to be one of the following: 

an unsaturated hydrocarbon such as an alkene or alkyne for hydrogenation to a 
saturated or less unsaturated hydrocarbon, such as ethane, propane, butane, or ethylene, 

propylene, butylene, 

carbon monoxide for hydrogenation to methanol or gasoline hydrocarbons, 

nitrogen for hydrogenation to ammonia, 

a paraffin such as hexane for hydrocracking to a mixture of paraffins and olefins 
with a lower carbon atom, such as butane, propane, propylene, ethylene, 
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an aromatic hydrocarbon for reduction with hydrogen to a non-aromatic 

hydrocarbon, 

an unsaturated alcohol, phenol, aldehyde, ketone, or acid for reduction with 
hydrogen to a corresponding saturated component, 

an aldehyde or ketone for reduction with hydrogen to the corresponding alcohol 

such as methanol, ethanol, propanol, butanol, 

an alkyl or aryl halide for reduction with hydrogen to a corresponding non- 

halogene component via hydrogenolysis, 

a nitroalkane or aromatic nitro compound for reduction with hydrogen to a 

corresponding primary amine. 

2. (amended) The process of claim 1, wherein the annular space enclosed 
between the outer permeable membrane tube and the far-outer impermeable metal tube is 
empty and the permeate pure hydrogen through outer membrane tube is used as feed in 
vanous consecutive applications including hydrogenation reactions for methanol, 
gasoline hydrocarbons, and ammonia synthesis, also as fuel in gas turbines, engines, and 
fuel cells ofvproton exchange membrane, alkaline, molten carbonate, solid oxide and 
phosphoric aad types, with the emitted flue gas from the fuel cells, turbines and engines 
to be used for heating the reformer by flowing via the inner gas tubes. 

3. (amended) The process of claim 1 wherein the inner membrane tube is made 
by a porous inorganic, inorganic-metal or composite membrane material with hydrogen 
to permeate through the membrane, and carbon monoxide, carbon dioxide, steam, 



reacun. and product hydrocarbons and alcohols to penneate afco through the membrane 
in a lesser degree, ^ hydrogen only to permeate through the outer membrane tube and 
wim tbe remaining non-pern-* species to exit through the reject outlet of the annu,ar 
space created between the mo membrane tubes either as it ,s mixture or after mixing 
witn another carrier gas flowing through the same amrular space, with the permeate pure 
hydrogen trough the outer membrane to be used as fee. in vanous consecutive 
appUcations including hydrogenation reactions for methano., gasoUne hydrocarbons and 
^onia synthesrs, *. as fue, in gas turbines, engines, and fuel ce,.s of proton 
change membrane, alkaline, molten carbonate, soUd oxide and phosphoric acid types, 
with me emitted flue gas from the fue. cells, turbines or engines to be used for heating 
the reformer by flowing via the inner gas tubes. 

4. (amended) Tta process of claim 1 as apptied to carbon dioxide hydrocarbon 
.forming and dehydrogenation reactions, wherein the inner membrane tube rs made by 
a porous inorg^ic, inorgarucme*. o, composite membrane materia! with hydrogen to 
pe^eate mrough the membrane, and carbon monox.de, carbon dioxide, reactiut. and 
product hydrocarbon species, to permeate a.so mrough the membrane in a .esser degree, 
and with the outer membrane tube to be made by an organic, inorganic, or composite 
poiymer membrane which withstands high temperatures and is permselective to both 
hydrogen and carbon dioxide species, wrth hydrogen and carbon dioxide for the 
reforming reaction or hydrogen only for the dehydrogenation reaction, to permeate 
ftrough the outer membrane, and with the remaining non-permeate species to exit 
through the reject ouflet of the annular sr*ce created between the two membrane tithes, 
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either as it is mixture or after mixing w.th another carrier gas flowtng through the same 
annuiar space, with the permeate through the outer membrane h,droge„ and carbon 
dioxide mixture to be used for methanol, formic acid, or methane synthesis or as feed in 
moiten carbonate fue. cells, and in case wherein hydrogen only is the permeate through 
same membrane ,„ be used as feed in various consecutive applications including 
hydrogenation reactions for methanol, gasoline hydrocarbons, and ammonia syrrthesis, 
also as fue. in gas turbines, engmes, and fue. cells of proton exchange membrane, 
alkaline, molten carbonate, solid oxide and phosphoric acid types, with the emitted flue 
p, from the fue. cells, turbines or engines to be used for heating the reformer by flowmg 
via the inner gas tubes. 



5. (amended) A process 



for conducting catalytic steam and CO, hydrocarbon 



reforming, steam-alcohol reforming, water gas 



shift, and dehydrogenation reactions for 



production and use of hydogen and synthesis gas which includes: 

a most outer non-permeable tubular cy.inder which is hollow in the center and 
„es« two more concentric hollow membrane tubular cyhnders, a next-inner one and a 
most-inner one, which are bo* made by permeable materials with the annular space 
„ most-outer and next-inner cylinders to centaur a mettl.ic catalyst « the form of 

catalyst depending on me feedstocks fed in the mle, of the annular cytolytic zone and the 
type of reactions conducted within the ca*lytic zone, with the next-inner cylinder to nest 
also a concentric most-inner hollow membrane cylinder, wnh next-inner cylinder to be 
rnade by a mefcl, metal alloy, non-porous nwganic, or composite membrane which ,s 



penned only ,o hydrogen and acts a.*, as catalyst for the reactions, with product 
hydros from the catalyse reaction zone to permeate through the lateral membrane 
surface of next-inner cylinder, witt carbon monoxide, carbon dioxide, steam, 
hydrocarbons, alcohols and non-permeate hydrogen to be rejected by the next-inner 
membrane and exit through outlet fitting ports located by the end of the outer cataiytic 
zone, with permeate hydrogen flowing along the annular zone between next-inner and 
m „s,-inner cylinders to be diluted by a carrier gas flowtag along the same annular space 
and further removed via permeation acres the most-inner permeable membrane tube, 
wherein most-inner membrane tube is made by me*., metal-alloy, non-porous inorganic 
or composite materials, so that secondly permeated stteam flowing inside most-inner 
membrane tube comains only pure hydrogen, with most-inner membrane tube * contain 
a selective catalyst in form of particles or pde* wherein permeate hydrogen reacts with 
asweep component flowing tough the inlet ,*>« of the most-inner membrane tub, in an 
exothermic We reaction and produces* product which exits via a separate outlet located 
by the end of the most inner cylinder, with the membranes to act also as catalysts for the 
reactions, with the hea, generated by the exothermic reaction to be transfer into the 
main catalytic reaction zone enclosed between most-outer and next-mner hollow 
Cinders, thus providing for part of the hea, load necessaty to drive the endoftermic 
catalytic reactions occurring in mis zone, with the main heating of the overall cylindrical 
assembly and of main catalytic zone to be achieved by heat transfer coming from 
combustion of gases, including combustion of waste We hydrocarbons and hydrocarbon- 
hydrogen mixtures mixed with oxygen or air, also of unreacted hydrocarbons, alcohols, 
and carbon monoxide post-re^on species and any of their mixtures exiting from the 



correspond.^ ou..et port of.be outer cy.ir.de, and recovered in the downstream of .he 
reactor by use of separation processes including membrane separation and by baving 
these gas mixtures to be recycled as fuet gas flowing along the external side of rnost- 
outer .mpermeable cy.inder to support combustion and beat provision in enc.osed main 
catalytic zone, and finally with the sweep reactive component wbicb reacts with the 

an unsaturated hydrocarbon such as an alkene or alkyne for bydrogenation to a 
saturated or less unsaturated hydrocarbon, such as ethane, propane, butane, or ethylene, 

propylene, butylene, 

carbon monoxide for bydrogenation to methanol or gasoline hydrocarbons, 

nitrogen for hydrogenation to ammonia, 

a paraffin such as hexane for hydrocracking to a mixture of paraffins and olefins 
wnh a lower carbon atom, such as butane, propane, propylene, ethylene, 

an aromatic hydrocarbon for reduction with hydrogen to a non-aromatic 

hydrocarbon, 

an unsaturated alcohol, phenol, aldehyde, ketone, or acid for reduction with 
hydrogen to a corresponding saturated component, 

an aldehyde or ketone for reduction with hydrogen to the corresponding alcohol 

such as methanol, ethanol, propanol, butanol, 

an alkyl or aryl halide for reduction with hydrogen to a corresponding non- 

halogene component via hydrogenolysis, 
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a nitroalkane or aromatic nitro compound for reduction with hydrogen to a 
corresponding primary amine. 

6. (amended) The process of claim 5, wherein most inner membrane tube is 
empty and the pure permeate hydrogen within this tube is used as feed in various 
consecutive applications including hydrogenation reactions for methanol, gasoline 
hydrocarbons, and ammonia synthesis, also as fuel in gas turbines, engines, and fuel cells 
of proton exchange membrane, alkaline, molten carbonate, solid oxide and phosphoric 
acid types, with the emitted flue gas from the fuel cells, turbines or engines to be used for 
heating the reformer by flowing around the external surface. 

7. (amended) The process of claim 5 wherein next-inner membrane cylinder is 
made by a porous inorganic or inorganic-metal or composite membrane, with hydrogen 
to permeate through the membrane, and carbon monoxide, carbon dioxide, steam, 
reactant and product hydrocarbons and alcohols, to permeate also through the membrane 
in a lesser degree, with hydrogen only to permeate through the most-inner membrane 
tube and with the remaining non-permeate species, to exit through the reject outlet of the 
annular space created between next-inner and most-inner cylinders, either as it is mixture 
or after mixing with another carrier gas flowing through the same annular space, with the 
permeate through the inner membrane tube, pure hydrogen product, to be used as feed in 
various consecutive applications including hydrogenation reactions for methanol^ 
gasoline hydrocarbons and ammonia synthesis, alsVas fuel in gas turbines, engines, and 
fuel cells of proton exchange membrane, alkaline, molten carbonate, solid oxide and 



phosphoric acid types, with the emitted flue gas from the fuel cells, turbines or engines to 
be used for heating the reformer by flowing around the external surface. 



8. (amended) The process of claim 7, as applied to carbon dioxide hydrocarbon 
reforming and dehydrogenation reactions only, wherein the most-inner membrane tube is 
made by an organic, inorganic, or composite polymer membrane which withstands high 
temperature and is permselective to both hydrogen and carbon dioxide species which 
permeate through the most-inner membrane tube, with the remaining non-permeate 
species to exit through the reject outlet of the annular space created between the next- 
inner and most-inner membrane tubes either as it is mixture or after mixing with another 
carrier gas flowing through the same annular space, with the permeate through the most- 
inner membrane tube hydrogen and carbon dioxide mixture to be used for methanol 
synthesis and as feed in molten carbonate fuel cells, and in reaction-permeation case 
wherein hydrogen only permeates^ through the most-inner membrane tube, permeate 
hydrogen is used as feed in various consecutive applications including hydrogenation 
reactions for methanol, gasoline hydrocarbons, and ammonia synthesis, and as fuel in gas 
turbines, engines, and fuel cells of proton exchange membrane, alkaline, molten 
carbonate, solid oxide and phosphoric acid types, with the emitted flue gas from the fuel 
cells, turbines or engines to be used for heating the reformer by flowing around the 
external surface. 

/ (new) The process of claim 3, as applies to steam and C0 2 hydrocarbon 
reforming reactions, with H 2 and CO to be produced via hydrocarbon steam reforming, 
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hydrocarbon C0 2 reforming, and water gas shift reactions, with the final permeate stream 
to contain pure hydrogen product permeated through the far outer membrane tube, with 
the reject exit stream from the permreactor which contains carbon monoxide and non- 
permeate hydrogen product, unreacted hydrocarbons, carbon dioxide, and steam to be 
passed through a heat exchanger to reduce its temperature and condense the containing 
steam by generating new steam in other side of the exchanger which is used as feed into 
the first reforming reactor and into any subsequently placed steam reforming reactor, 
with the exit stream from the heat exchanger to be passed through a bed of moisture 
adsorbing particles to remove any moisture content, with the dry cooled exit gas mixture 
to enter into a membrane permeator made by one of the following materials: 
organic polymer membrane, 
inorganic membrane, 

composite inorganic-metal-organic membrane, 

composite organic-inorganic membrane, 

composite organic-metal membrane, 

composite inorganic-metal membrane, 
which all materials are permselective to H 2 and C0 2 and separate these two species in 
permeate stream from the unreacted hydrocarbons and carbon monoxide product which 
exit from the non-permeate side of the permeator as a reject stream, with the H 2 and C0 2 
permeate mixture to be used for methanol, formic acid or methane synthesis, or as fuel in 
molten carbonate fuel cells, or in other 

chemical synthesis and 
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fuel or fuel cell type reactions 
either as a mixture or after the C0 2 condensation and removal, as pure hydrogen, either 

as single stream of hydrogen or 
as combined stream of hydrogen after its combination with the stream of hydrog< 
permeated from the first permreactor, with the emitted flue gas from the fuel cell to I 
used for heating the reformer by flowing via the inner gas tubes. 




)6. (new) The process of claim 9 wherein the hydrocarbon is a single constituent or 
a mixture of constituents of the following components: 
methane, 

ethane, 

propane, 

n-butane, 

i-butane, 

methanol, 

ethanol, 

propanol, 

butanol, 

naphtha, 

gasoline, 

natural gas rich in methane, 
coal gas rich in methane, 
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landfill gas rich in methane, 
flue gas rich in methane, 
biomass gas rich in methane, 
and wherein the combined hydrocarbon and carbon dioxide gas mixture is substituted by: 

a CHt and C0 2 mixture, 
acidic natural gas rich in CH4 and C0 2 , 
coal gas rich in CH4 and C0 2 , 
landfill gas rich in CH4 and C0 2 , 
biomass gas rich in CH4 and C0 2 , 

other primary, secondary, refinery, and flue gas mixtures rich in CH 4 and C0 2 . 

yC (new) The process of claim 7, as applies to steam and C0 2 hydrocarbon 
reforming reactions, with H 2 and CO to be produced via hydrocarbon steam reforming, 
hydrocarbon C0 2 reforming, and water gas shift reactions, with the final permeate stream 
to contain pure hydrogen product, permeated through the most inner membrane tube, 
with the reject exit stream from the permreactor which contains carbon monoxide and 
non-permeate hydrogen product, unreacted hydrocarbons, carbon dioxide and steam to be 
passed through a heat exchanger to reduce its temperature and condense the containing 
steam by generating new steam in other side of the exchanger which is used as feed into 
the first reforming reactor and any subsequently placed steam reforming reactor, with the 
exit stream from the heat exchanger to be passed through a bed of moisture adsorbing 
particles to remove any moisture content, with the dry cooled exit gas mixture to enter 
into a membrane permeator made by one of the following materials: 
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organic polymer membrane, 

inorganic membrane, 

composite inorganic-metal membrane, 

composite inorganic-metal-organic membrane, 

composite organic-inorganic membrane, 

composite organic-metal membrane, 
which all materials are permselective to H 2 and C0 2 and separate these two species in the 
permeate stream from the unreacted hydrocarbons and carbon monoxide product which 
exit from the non-permeate side of the permeator as a reject stream, with the H 2 and C0 2 
permeate mixture to be used for methanol, formic acid, or methane synthesis, or as fuel 
in molten carbonate fuel cells, or in other 

chemical synthesis and 

fuel or fuel cell type reactions 
either as a mixture or after the C0 2 condensation and removal, as pure hydrogen, either 

as single stream of hydrogen or 
as combined stream of hydrogen after its combination with the stream of hydrogen 
permeated from the first permreactor, with the emitted flue gas from the fuel cell to be 
used for heating the reformer by flowing around the external surface. 

yi. (new) The process of claim 11 wherein the hydrocarbon is a single constituent 
or a mixture of constituents of the following components: 
methane, 
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ethane, 

propane, 

n-butane, 

i-butane, 

methanol, 

ethanol, 

propanol, 

butanol, 

naphtha, 

gasoline, 

natural gas rich in methane, 
coal gas rich in methane, 
landfill gas rich in methane, 
flue gas rich in methane, 
biomass gas rich in methane, 
and wherein the combined hydrocarbon and carbon dioxide gas mixture is substituted by: 

a CH4 and C0 2 mixture, 
acidic natural gas rich in CH 4 and C0 2 , 
coal gas rich in CH4 and C0 2 , 
landfill gas rich in CH4 and C0 2 , 
biomass gas rich in CH4 and C0 2 , 
other primary, 



u secondary, refinery, and flue gas mixtures rich in CH4 and C0 2 . 
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yi. (new) The process of claim 9, with the reject stream from the permeator 
containing unreacted hydrocarbons and CO to enter into a consecutively placed steam 
reformer to react with steam over a bed of metallic catalyst via the steam reforming and 
water gas shift reactions and be converted into H 2 and C0 2 products, having this exit 
stream from last reformer to condense its unreacted steam by passage through a heat 
exchanger and by generating new steam in other side of the heat exchanger which is 
used as feed into the inlet of this last reformer, having the final exit dry mixture of H 2 
and C0 2 from the heat exchanger to be combined with the permeate from the 
membrane permeator H 2 and C0 2 stream, to make one combined stream of H 2 and 
C0 2 to be used for methanol, formic acid, or methane synthesis or as feed in molten 
carbonate fuel cells, or in other 
chemical synthesis 
and fuel or fuel cell type reactions 
either as a mixture or after the C0 2 condensation and removal, as pure hydrogen, either 

as single hydrogen stream or 
as combined hydrogen stream after its combination with the hydrogen stream permeated 
from the first permreactor, with the emitted flue gas from the fuel cell, to be used for 
heating at least one reformer. 

)/. (new) The process of claim 11, with the reject stream from the permeator 
containing unreacted hydrocarbons and CO to enter into a consecutively placed steam 
reformer to react with steam over a bed of metallic catalyst via the steam reforming and 
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water gas shift reactions and be converted into H 2 and C0 2 products, having this exit 
stream from last reformer to condense its unreacted steam by passage through a heat 
exchanger and by generating new steam in other side of the heat exchanger which is 
used as feed into the inlet of this last reformer, having the final exit dry mixture of H 2 
and C0 2 from the heat exchanger to be combined with the permeate from the 
membrane permeator H 2 and C0 2 stream, to make one combined stream of H 2 and 
C0 2 to be used for methanol, formic acid, or methane synthesis or as feed in molten 

carbonate fuel cells, or in other 
chemical synthesis 
and fuel or fuel cell type reactions 

either as a mixture or after the C0 2 condensation and removal, as pure hydrogen, either 
as single hydrogen stream or 

as combined hydrogen stream after its combination with the hydrogen stream permeated 

from the first permreactor, with the emitted flue gas from the fuel cell, to be used for 

heating at least one reformer. 

yL (new) The process of claim 11 wherein the membrane in permeator is made 
from an organic polymer or composite or copolymer of organic polymers selected from 
the group of the following: 

polyimides, 

polycarbonates, 

polysulfones, 
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polybenziimidazoles, 

polyphosphazenes, 

polyamides, 

polystyrenes, 

polycaprolactams, 

parylenes, 

polyvinyl halides, 

polyacetates, 

polysiloxanes 

or with the membrane in permeator to be made from inorganic-organic composite 
materials made by a mixture of one or more of the above polymers with one or more of 
the following ceramic oxides: 

alumina (AI2O3X 

titania (Ti0 2 ), 

silica (Si0 2 ), 

zirconia (Zr0 2 ), 

or with the membrane in permeator to be made from inorganic-metal materials made by a 
mixture of one or more metals with one or more of the above ceramic oxides, 
or with the membrane in permeator to be made from inorganic only materials made by a 
mixture of one or more of the above ceramic oxides. 

y£. (new) The process of claim 9 wherein the consecutive permeator which follows 
the first permreactor is replaced by a single wall permreactor consisting of a permeable 
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membrane tube filled with catalyst, with the first permreactor to yield high conversions 
and produce a rich CO stream at the non-permeate exit which is fed into the second 
catalytic permreactor and is converted into H 2 and C0 2 products via the water gas shift 
reaction, and in an alternative operation, with the first permreactor to yield low 
conversions and produce a non-permeate stream rich in unreacted hydrocarbons and C0 2 
which is fed into the second catalytic permreactor together with added steam and with 
the feed mixture to be converted into H 2 and CO via hydrocarbon reforming and water 
gas shift reactions taking place in second permreactor, with the membrane in second 
permreactor to be made by one of the following materials: 

metal or metal alloy membrane, 

non-porous inorganic membrane, 

composite membrane, 

with all of the above materials to be permselective in H 2 and separate only H 2 in 
permeate stream of second permreactor from the unreacted CO, steam, and product C0 2 
according to the first operation, or from the unreacted mixure of hydrocarbons, steam, 
C0 2 , and CO in the alternative operation, with all remaining gases to exit from the non- 
permeate side of the second permreactor as a reject stream, which after the removal of 
steam can be recycled as feed into the first permreactor if it is rich in C0 2 as in first 
operation, with the permeate H 2 from the second membrane to be used in 

chemical synthesis reactions, 

as fuel in fuel cells, turbines, engines, 
either , as single hydrogen stream or 
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as combined hydrogen stream after its combination with the hydrogen stream 
which permeates from the first catalytic permreactor. 

yi. (new) The process of claim 1 1 wherein the consecutive permeator which 

follows the first permreactor is replaced by a single wall permreactor consisting of a 
permeable membrane tube filled with catalyst, with the first permreactor to yield high 
conversions and produce a rich CO stream at the non-permeate exit which is fed into the 
second catalytic permreactor and is converted into H 2 and C0 2 products via the water gas 
shift reaction, and in an alternative operation, with the first permreactor to yield low 
conversions and produce a non-permeate stream rich in unreacted hydrocarbons and C0 2 
which is fed into the second catalytic permreactor together with added steam and with 
the feed mixture to be converted into H 2 and CO via hydrocarbon reforming and water 
gas shift reactions taking place in second permreactor, with the membrane in second 
permreactor to be made by one of the following materials: 

metal or metal alloy membrane, 

non-porous inorganic membrane, 

composite membrane, 

with all of the above materials to be permselective in H 2 and separate only H 2 in 
permeate stream of second permreactor from the unreacted CO, steam, and product C0 2 
according to the first operation, or from the unreacted mixture of hydrocarbons, steam, 
C0 2 , and CO in the alternative operation, with all remaining gases to exit from the non- 
oermeate side of the second permreactor as a reject stream, which after the removal of 
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steam can be recycled as feed into the first permreactor if it is rich in C0 2 as in first 
operation, with the permeate H 2 from the second membrane to be used in 

chemical synthesis reactions, 

as fuel in fuel cells, turbines, engines, 
either , as single hydrogen stream or 

as combined hydrogen stream after its combination with the hydrogen stream 
which permeates from the first catalytic permreactor. 
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yi. (new) The process of claim 9 wherein the feed stream into first permreactor 
consists of a hydrocarbon and carbon dioxide or a mixture of hydrocarbons and carbon 
dioxide, reformed over a bed of metallic catalyst with C0 2 hydrocarbon reforming 
reactions and the reverse water gas shift reaction to take place and to produce H 2 and CO 
products. 

(new) The process of claim 11 wherein the feed stream into first permreactor 
consists of a hydrocarbon and carbon dioxide or a mixture of hydrocarbons and carbon 
dioxide, reformed over a bed of metallic catalyst with C0 2 hydrocarbon reforming 
reactions and the reverse water gas shift reaction to take place and to produce H 2 and CO 
products. 

?4 (new) The process of claim 9 wherein the combined H 2 and C0 2 product mixture 
from the permeator is used. 
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(a) for direct methanol synthesis via the reaction: C0 2 +3H 2 =CH 3 OH+H 2 0, 

(b) for direct feed in molten carbonate fuel cell (MCFC) units for electricity 
generation via the overall electrochemical reaction: H 2 +C0 2 +l/20 2 (cathode) --* 
H 2 0+C0 2 (anode), 

(c) for other C0 2 and H 2 direct combination reaction including the one that produces 

formic acid or methane, 

further, after the removal of C0 2 by condensation, the generated pure H 2 is 
combined with pure H 2 coming out of the first reforming reactor and used: 

(d) as fuel feed in hydrogen based fuel cell units including molten carbonate, solid 
oxide, proton exchange, alkaline, phosphoric type, 

(e) as fuel feed in gas turbines, conventional and jet type gas engines, 

(f) as synthesis reactant in consecutive hydrogenation reactions including these for 
methanol, ammonia and gasoline hydrocarbon synthesis, also these for saturation of 
unsaturated hydrocarbons including alkenes to alkanes, alkynes to alkenes and further to 
alkanes, also these for reduction of aromatic hydrocarbons, also these for saturation of 
unsaturated alcohols, phenols, aldehydes, ketones, acids, also these for reduction of alkyl 
and aryl halides, and these for reduction of nitroalkanes and aromatic nitro compounds 
into corresponding primary amines. 

(new) The process of claim 11 wherein the combined H 2 and C0 2 product 
mixture from the permeator is used. 

(a) for direct methanol synthesis via the reaction. C0 2 +3H 2 =CH 3 OH+H 2 0, 
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(b) for direct feed in molten carbonate fuel cell (MCFC) units for electricity 
generation via the overall electrochemical reaction: H 2 +C0 2 +l/20 2 (cathode) ~* 
H 2 0+C0 2 (anode), 

(c) for other C0 2 and H 2 direct combination reaction, including the one that produces 

formic acid or methane, 

further, after the removal of C0 2 by condensation, the generated pure H 2 is 
combined with pure H 2 coming out of the first reforming permreactor and used: 

(d) as fuel feed in hydrogen based fuel cell units including molten carbonate, solid 
oxide, proton exchange, alkaline, phosphoric type, 

(e) as fuel feed in gas turbines, conventional and jet type gas engines, 

(f) as synthesis reactant in consecutive hydrogenation reactors including these for 
methanol, ammonia and gasoline hydrocarbon synthesis, also these for saturation of 
unsaturated hydrocarbons including alkenes to alkanes, alkynes to alkenes to alkanes, 
also these for reduction of aromatic hydrocarbons, also these for saturation of unsaturated 
alcohols, phenols, aldehydes, ketones, acids, also these for reduction of alkyl and aryl 
halides, and these for reduction of nitroalkanes and aromatic nitro compounds into 
corresponding primary amines. 

fi. (new) The process of claim 1 1 wherein the feed stream into the first permreactor 
consists only of a carbon monoxide and steam (H 2 0(g)) mixture, reacting over a bed of 
metallic catalyst to produce H 2 and C0 2 via the water gas shift reaction alone, with 
hydrogen to permeate through the most-inner membrane tubes and with the remaining 
components including unreacted carbon monoxide, steam, carbon dioxide product and 
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non-permeate hydrogen to exit through the reject stream of the outer cylinder and enter 

into the consecutive permeator. 



(new) The process of claim 22 with the reject stream from the permeator 
containing the non-permeate, unreacted CO to be recycled into the inlet of first water gas 
shift permreactor for continuous water gas shift reaction into the main catalytic zone. 

U (new) The process of claim 23 with the reject stream from the permeator 
containing non-permeate, unreacted CO to enter into a consecutive placed water gas shift 
reactor to react with steam over a bed of metallic catalyst via the water gas shift reaction 
and be converted into H 2 and CO, products, having the exit stream from last shift reactor 
to condense its unreacted steam by passage through a heat exchanger and by generating 
new steam in the other side of the heat exchanger to be used as feed in the inlet of this 
last shift reactor in an autothermic type of operation, having the final exit dry mixture of 
H 2 and C0 2 from last heat exchanger to be combined with the permeate from the 
membrane permeator H 2 and C0 2 stream, to make a combined stream for use as feed in 
methanol, formic acid, or methane synthesis or in molten carbonate fuel cells, or in other 
chemical synthesis, 
and fuel or fuel cell type reactions, 
either as it is mixture or after the C0 2 condensation and removal, as pure hydrogen, 

either 

as single hydrogen stream or 
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as combined hydrogen stream after its combination with the hydrogen stream 
permeated from the first permreactor. 



inner 
contains 



(new) The process of claim 3, as applies to dehydrogenation reactions of 
alkanes, with the feed to consist of pure or mixture of alkanes which are saturated 
hydrocarbons and react in the catalytic zone of the permreactor, with hydrogen and 
unsaturated alkenes to be produced via reversible dehydrogenation reactions, with the 
final permeate stream to contain pure hydrogen product permeated through the most- 
membrane tube and with the exit reject stream from the permreactor which 
product alkenes, non-permeate hydrogen and unreacted alkanes, to be passed 
through a heat exchanger to reduce its temperature by generating steam in other side of 
the exchanger which can be used as feed into any steam requiring process with the exit 
from the heat exchanger species such as alkenes, alkanes and hydrogen mixture to be 
entered into a membrane permeator wherein the membrane is made by one of the 
following materials: 

organic polymer membrane, 

inorganic membrane, 

inorganic-metal membrane, 

composite inorganic-metal-organic membrane, 

composite inorganic-organic membrane, 

composite metal-organic membrane, 

metal or metal alloy membrane, 
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carbon membrane, 

which all materials are permselective to hydrogen only, and separate hydrogen in 
permeate stream from the unreacted alkanes and product alkenes, which exit from the 
non-permeate side of the permeator as a reject stream which is to be used for: 

a) polyolefm synthesis in consecutive polymerization reactors, 

b) oxygenated compound synthesis in consecutive synthesis reactors, 

including ethylene oxide, ethylene glycol, propylene oxide, propylene glycol, ethanol, 
propanol, isopropanol, butanol, with the hydrogen product recovered in the permeate 
stream of the permeator to be used as single hydrogen stream or as combined hydrogen 
stream after its combination with the hydrogen stream permeated through the first 
permeable reactor, in: 

chemical synthesis, 

and in fuel type reactions, 
including use as feedstock to hydrogenation reactors for methanol, ammonia, and 
gasoline synthesis, also in gas turbines, engines, and fuel cells of proton exchange 
membrane, alkaline, molten carbonate, solid oxide and phosphoric acid types. 

^ f 
yi. (new) The process of claim 7, as applies to dehydrogenation reactions of 

alkanes, with the feed to consist of pure or mixture of alkanes which are saturated 
hydrocarbons and react in the catalytic zone of the permreactor, with hydrogen and 
unsaturated alkenes to be produced via reversible dehydrogenation reactions, with the 
final permeate stream to contain pure hydrogen product permeated through the most- 
inner membrane tube and with the exit reject stream from the permreactor which 
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contains product alkenes, non-permeate hydrogen and unreacted alkanes, to be passed 
through a heat exchanger to reduce its temperature by generating steam in other side of 
the exchanger which can be used as feed into any steam requiring process with the exit 
from the heat exchanger species such as alkenes, alkanes and hydrogen mixture to be 
entered into a membrane permeator wherein the membrane is made by one of the 
following materials: 

organic polymer membrane, 

inorganic membrane, 

inorganic-metal membrane, 

composite inorganic-metal-organic membrane, 

composite inorganic-organic membrane, 

composite metal-organic membrane, 

metal or metal alloy membrane, 

carbon membrane, 

which all materials are permselective to hydrogen only, and separate hydrogen in 
permeate stream from the unreacted alkanes and product alkenes, which exit from the 
non-permeate side of the permeator as a reject stream which is to be used for . 

a) polyolefin synthesis in consecutive polymerization reactors, 

b) oxygenated compound synthesis in consecutive synthesis reactors, 

including ethylene oxide, ethylene glycol, propylene oxide, propylene glycol, ethanol, 
propanol, isopropanol, butanol, with the hydrogen product recovered in the permeate 
stream of the permeator to be used as single hydrogen stream or as combined hydrogen 
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stream after its combination with the hydrogen stream permeated through the first 
permeable reactor, in: 

chemical synthesis, 

and in fuel type reactions, 
including use as feedstock to hydrogenation reactors for methanol, ammonia, and 
gasoline synthesis, also in gas turbines, engines, and fuel cells of proton exchange 
membrane, alkaline, molten carbonate, solid oxide and phosphoric acid types. 

(new) The process of claim 25, wherein the membrane in the downstream 
membrane permeator is replaced by an alkene selective membrane so that alkene is 
separated in the permeate stream from the alkane-alkene mixture which is entering into 
the permeator from the preceded permreactor, with the rejected alkane stream to be 
recycled into the inlet of the permreactor for continuous reaction, with the alkene 
selective membrane to be made by a polymer-metal, inorganic-metal, polymer-inorganic- 
metal, or composite material with the dispersed, contained metal to be one or more of the 
following: silver, copper, zinc, chromium, platinum, palladium, rhodium, zirconium, 
nickel, cobalt, tin. 

yL (new) The process of claim 26, wherein the membrane in the downstream 
membrane permeator is replaced by an alkene selective membrane so that alkene is 
separated in the permeate stream from the alkane-alkene mixture which is entering into 
the permeator from the preceded permreactor, with the rejected alkane stream to be 
recycled into the inlet of the permreactor for continuous reaction, with the alkene 
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selective membrane to be made by a polymer-metal, inorganic-metal, polymer-inorganic- 
metal, or composite material with the dispersed, contained metal to be one or more of the 
following: silver, copper, zinc, chromium, platinum, palladium, rhodium, zirconium, 
nickel, cobalt, tin. 

$ (new) The process of claim 9 wherein the feed stream into the first permreactor 
consists only of a hydrocarbon and steam (H 2 0(g)) mixture or an alcohol and steam 
mixture, or a combined hydrocarbon, alcohol and steam mixture, reacting over a bed of 
metallic catalyst to produce H 2 , C0 2 and traces of CO via the hydrocarbon steam 
reforming, alcohol steam reforming, and water gas shift reactions, with hydrogen to 
permeate through the outer membrane tube and with the remaining components including 
unreacted hydrocarbons, alcohols, steam, carbon dioxide, carbon monoxide, and non- 
permeate hydrogen to exit through the reject stream of the inner cylinder, and with the 
combined hydrogen and carbon dioxide product mixture to be removed in the 
consecutive permeator via membrane permeation. 

(new) The process of claim 1 1 wherein the feed stream into the first permreactor 
consists only of a hydrocarbon and steam (H 2 0(g)) mixture or an alcohol and steam 
mixture, or a combined hydrocarbon, alcohol and steam mixture, reacting over a bed of 
metallic catalyst to produce H 2 , C0 2 and traces of CO via the hydrocarbon steam 
reforming, alcohol steam reforming and water gas shift reactions, with hydrogen to 
permeate through the inner membrane tube and with the remaining components including 
unreacted hydrocarbons, alcohols, steam, carbon dioxide, carbon monoxide, and non- 
29 
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permeate hydrogen to exit through the reject stream of the outer cylinder, and with the 
combined hydrogen and carbon dioxide product mixture to be removed in the 
consecutive permeator via membrane permeation. 

(ft 

]({. (new) The process of claim 29 with the reject stream from the permeator 
containing non-permeate, unreacted hydrocarbons and product CO, or unreacted alcohols 
and product CO, or unreacted hydrocarbons, alcohols and CO, to be recycled into the 
inlet of first permreactor for continuous hydrocarbon-steam reforming, alcohol steam 
reforming, and water gas shift reactions taking place into the main catalytic zone of the 
reformer. 

yi. (new) The process of claim 30 with the reject stream from the permeator 
containing non-permeate, unreacted hydrocarbons and product CO or unreacted alcohols 
and product CO, or unreacted hydrocarbons, alcohols and CO, to be recycled into the 
inlet of first permreactor for continuous hydrocarbon-steam reforming, alcohol steam 
reforming, and water gas shift reactions taking place into the main catalytic zone of the 
reformer. 

4° 

p. (new) The process of claim 32 wherein the first permeable reformer is replaced 
by a simple tubular fixed bed catalytic reactor so that all reaction products and unreacted 
reactants are exiting from a single outlet and directed into the consecutive permeator, 
with the process to include recycling of non-permeate alcohols, hydrocarbons and carbon 
monoxide into the reformer for contiuous reaction. 
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yi. (new) The process of claim 32 wherein the first permeable reformer is replaced 
by a simple one wall membrane reactor which consists of a simple tubular membrane 
reactor with a fixed bed catalytic zone within, to conduct combined alcohol steam 
reforming and water gas shift reactions only, with permeate hydrogen only to be removed 
continuously from the membrane of the membrane reactor and with the process to 
include a recycling stream from the consecutive permeator for the non-permeate alcohols 
and carbon monoxide back into the inlet of the membrane reactor for continuous 
reaction. 

& (new) The process of claim 30 with the reject stream from the permeator 
containing non permeate unreacted hydrocarbons, alcohols and CO, or alcohols and 
CO, to enter into a consecutive placed reformer to react with steam over a bed of metallic 
catalyst via the alcohol, hydrocarbon steam reforming and water gas shift reactions and 
be converted into H 2 , C0 2 product mixture, having the exit stream from last reforming 
reactor to condense its unreacted steam by passing through a heat exchanger and by 
generating new steam in other side of the heat exchanger to be used as feed into the inlet 
of the last reformer in an autothermic type of operation, having the final exit dry mixture 
of H 2 and C0 2 from last heat exchanger to be combined with the permeate from the 
membrane permeator H 2 and C0 2 stream, to make a combined gas stream to be used for 
consecutive methanol, formic acid, or methane synthesis or in a molten carbonate fuel 
cell unit, or in other, 
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chemical synthesis 
and fuel or fuel cell type reactions 
either as it is mixture or after the condensation and removal of CO z , as pure hydrogen, 

either, 

as single hydrogen stream, or 

as combined hydrogen stream after its combination with the hydrogen stream 
permeated from the first permeable reformer. 

/(b 

^ (new) The process of claim 1 1 wherein the membrane permeator following the 
permeable reformer is replaced by a cryogenic separator, which operates at a cryogenic 
subzero temperature of absolute value higher than the condensation temperature of the 
unreacted steam, hydrocarbons, alcohols, carbon dioxide, and lower than the 
condensation temperature of carbon monoxide and hydrogen, with the hydrogen and 
carbon monoxide gases to be separated as gases from the cryogenic separator, and with 
the steam, hydrocarbons, alcohols, and carbon dioxide to be separated as condensed 
liquids, with these liquified components to be continuously or periodically reheated by 
use of an immersed or surrounding heater to the lower section of the separator containing 
the liquified phase, and to be exited from the separator by use of a special open-close 
valve, and be recycled into the inlet of the first reforming reactor for continuous 
conduction of the steam and carbon dioxide reforming and water gas shift reactions in 
the reformer, with the separated gaseous hydrogen and carbon monoxide mixture from 
the cryogenic separator to be used in following applications: 
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a) methanol synthesis, 

b) gasoline synthesis via Fischer-Tropsch synthesis route, 

c) as combustion fuel or as combustion fuel blending in gas turbines and gas 
engines, 

d) as fuel in solid oxide fuel cells, 

e) as fuel in molten carbonate fuel cells, 

either as is it mixture, or after mixing with all or part of the hydrogen stream permeated 
from the permeable reformer, with the emitted flue gas from the fuel cell to be used for 
heating the reformer. 

y. (amended) The process of claim 19 wherein the membrane permeator 
following the permeable reformer is replaced by a cryogenic separator, which operates at 
a cryogenic subzero temperature of absolute value higher than the condensation 
temperature of the unreacted steam, hydrocarbons, carbon dioxide, and lower than the 
condensation temperature of carbon monoxide and hydrogen, with the hydrogen and 
carbon monoxide gases to be separated as gases from the cryogenic separator, and with 
the steam, hydrocarbons, and carbon dioxide to be separated as condensed liquids, with 
these liquified components to be continuously or periodically reheated by use of an 
immersed or surrounding heater to the lower section of the separator containing the 
liquified phase, and to be exited from the separator by use of a special open-close valve, 
and be recycled into the inlet of the first reforming reactor for continuous conduction of 
the steam and carbon dioxide reforming and water gas shift reactions in the reformer, 
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with the separated gaseous hydrogen and carbon monoxide mixture from the cryogenic 
separator to be used in following applications: 

a) methanol synthesis, 

b) gasoline synthesis via Fischer-Tropsch synthesis route, 

c) as combustion fuel or as combustion fuel blending in gas turbines and gas 
engines, 

d) as fuel in solid oxide fuel cells, 

e) as fuel in molten carbonate fuel cells, 

either as it is mixture, or after mixing with all or part of the hydrogen stream permeated 
from the permeable reformer, with the emitted flue gas from the fuel cell to be used for 
heating the reformer. 

(new) The process of claim 36, wherein the permreactor is replaced by a simple 
tubular catalytic reactor which is non-permeable and includes only one exit stream which 
is rich in hydrogen, carbon monoxide products and unreacted steam, hydrocarbons, 
alcohols, carbon dioxide, with this single exit stream to be fed into the cryogenic 
separator after the removal of steam in the previous heat exchanger. 

y$. (amended) The process of claim 11 wherein the membrane permeator 
following the permeable reformer is replaced by a cryogenic separator, which operates at 
a cryogenic subzero temperature of absolute value higher than the condensation 
temperature of the unreacted steam, hydrocarbons, alcohols, carbon dioxide, and lower 
than the condensation temperature of carbon monoxide and hydrogen, with the hydrogen 
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and carbon monoxide gases to be separated as gases from the cryogenic separator, and 
with the steam, hydrocarbons and carbon dioxide to be separated as condensed liquids, 
with these liquified components to be continuously reheated by use of an immersed or 
surrounding heater to the section of the separator containing the liquified phase, and to be 
exited from the separator by use of a special open-close valve, and be fed into the inlet of 
a consecutive reforming reactor for continuous steam, carbon dioxide reforming, and 
water gas shift reactions in the reformer and conversion into final H 2 and CO products, 
having the exit stream from the last reforming reactor to condense its unreacted steam by 
passage through a heat exchanger and by generating new steam in the other side of the 
heat exchanger to be used as additional steam feed in the inlet of the last reforming 
reactor in an autothermic type of operation, having the final exit dry mixture of hydrogen 
and carbon monoxide from last heat exchanger to be used in the following applications: 

a) methanol synthesis, 

b) gasoline synthesis via Fischer-Tropsch synthesis route, 

c) as combustion fuel or as combustion fuel blending in gas turbines and gas 
engines, 

d) as fuel in solid oxide fuel cells, 

e) as fuel in molten carbonate fuel cells, 

either as is it mixture, or after mixing with part or all of the separated hydrogen and 
carbon monoxide gas stream exiting from the cryogenic separator and with part or all of 
the hydrogen stream permeated from the first permeable reformer, finally with the 
emitted flue gas from the fuel cell to be used for heating at least one reformer. 
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jfi. (amended) The process of claim 7 as applied to the carbon dioxide and steam 
reforming of hydrocarbons or carbon dioxide only reforming of hydrocarbons, including 
methane as a hydrocarbon, wherein complete conversion of hydrocarbons and carbon 
dioxide occurs in the permeable reformer and the reject exit stream from the reformer 
consists only of hydrogen, carbon monoxide products and unreacted steam, which exit 
rejected stream enters as a fuel feed into a solid oxide fuel cell unit or into a molten 
carbonate fuel cell unit for electricity or power generation, and with part or all of the 
permeate hydrogen coming out of the separate permreactor exit to be recycled into the 
reject exit stream from the permreactor, in order to provide for additional hydrogen fuel 
entering into the solid oxide or molten carbonate fuel cells, with the emitted flue gas 
from the fuel cell to be used for heating the reformer. 

(new) The process of claim 40 wherein the first permreactor is replaced by a 
simple fixed bed tubular catalytic reactor which is non-permeable and includes only one 
exit stream which is rich in hydrogen, carbon monoxide and steam and is fed directly as 
fuel into the solid oxide or molten carbonate fuel cells. 

jk. (new) The process of claim 3 as applied to the carbon dioxide and steam 
reforming of hydrocarbons or carbon dioxide only reforming of hydrocarbons, including 
methane as a hydrocarbon, wherein complete conversion of hydrocarbons and carbon 
dioxide occurs in the permeable reformer and the reject exit stream from the reformer 
consists only of hydrogen, carbon monoxide products and unreacted steam, which exit 
rejected stream enters as a fuel feed into a solid oxide or molten carbonate fuel cell for 
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electricity or power generation, and with part or all of the permeate hydrogen coming out 
of the separate permreactor exit to be recycled into the reject exit stream from the 



or molten carbonate fuel cells, with the emitted flue gas from the fuel cell to be used for 
heating the reformer. 



fl. (new) The process of claim 7 as applied to the steam reforming of hydrocarbons 
and alcohols to occur within the permreactor either as a separate reaction or as combined 
reactions, including methane as a hydrocarbon and methanol, ethanol as alcohols, 
wherein complete conversion of hydrocarbons and alcohols occurs in the permeable 
catalytic reformer and the reject exit stream from the reformer consists only of hydrogen, 
carbon dioxide products and unreacted steam, with this exit rejected stream to be fed as 
fuel into a molten carbonate or solid oxide fuel cell unit for electricity or power 
generation, and with part or all of the permeate hydrogen coming out of the separate 
permreactor exit to be recycled into the reject exit stream from the permreactor, in order 
to provide for additional hydrogen fuel entering into the molten carbonate or solid oxide 
fuel cells, with the emitted flue gas from the fuel cell to be used for heating the reformer. 



simple tubular fixed bed catalytic reactor which is non-permeable and includes only one 
exit stream which is rich in hydrogen, carbon dioxide and steam and is fed directly as 
fuel into a molten carbonate or solid oxide fuel cell. 



permreactor, in order to provide for additional hydrogen fuel entering into the solid oxide 




(new) The process of claim 43 wherein the first permreactor is replaced by a 
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(new) The process of claim 7 as applied to the carbon dioxide and steam 
reforming of hydrocarbons or carbon dioxide only reforming of hydrocarbons, wherein a 
high conversion of hydrocarbons and carbon dioxide occurs in the permeable reformer, 
so that the reject exit stream from the reformer contains non-permeate hydrogen product, 
carbon monoxide product, traces of unreacted hydrocarbons, carbon dioxide and 
unreacted steam, which stream enters into a heat exchanger to reduce its temperature and 
condense the containing steam by generating new steam in other side of the exchanger 
which is used as feed into the first reforming reactor and any subsequently placed steam 
reforming or water gas shift reactor, with the exit stream from the heat exchanger to be 
passed through a bed of moisture adsorbing particles to remove any moisture content, 
with the dry exit gas mixture to enter into a methanol synthesis catalytic reactor which 
produces methanol in the gas or liquid phase, depending on reaction conditions and 
catalyst used, by reacting hydrogen with carbon monoxide and any containing carbon 
dioxide over a metallic catalyst, with part or all of the pure hydrogen produced in the 
permeator to be used for complementing the hydrogen gas fed into the methanol reactor, 
with the whole or part of the methanol product stream exiting from the synthesis reactor 
to be used as fuel into a methanol driven fuel cell for electricity or power generation, 
with the emitted flue gas from the fuel cell to be used for heating the reformer. 

^6. (new) The process of claim 28 wherein the alkane hydrocarbon is a single 
constituent or a mixture of constituents of the following components: 
ethane, 
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propane, 

n-butane, 

i-butane, 

natural gas rich in ethane and propane, 
naphtha, 

refinery or pipeline gas rich in ethane, 

refinery or pipeline gas rich in propane, 

refinery or pipeline gas rich in butane, 

refinery or pipeline gas rich in isobutane, 

refinery or pipeline gas rich in ethane, propane, butane, isobutane, 

a primary, secondary, or flue gas rich in ethane, propane, butane, isobutane. 

jtf. (new) A process for conducting catalytic hydrocarbon dehydrogenation coupled 
with catalytic hydrogenation reactions, also for conducting catalytic hydrocarbon and 
alcohol steam, carbon dioxide reforming coupled with hydrogenation reactions, with 
permeation of hydrogen via inner selective membranes, which include: 
a far-outer impermeable hollow tubular cylinder which nests two more concentric 
permeable tubular cylinders, a next inner and a most inner one, with the central annular 
zone created between the inner and most inner membrane cylinders to be filled with a 
dehydrogenation or reforming catalyst depending on the feedstocks fed in the inlet of the 
zone and the type of reactions conducted within, with the catalyst in form of pellets or 
particles, with tubular-inner type heaters to run axially along the central annular zone to 
provide necessary endothermic heat for the reaction, with the most inner permeable 
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cylinder to be filled with a hydrogenation catalyst in form of pellets or particles, with the 
same hydrogenation catalyst to fill also the space between the next inner and outer tubes, 
with hydrogen permselective membranes to comprise the membrane tubes, with the 
membranes to be made from metal, metal alloys, inorganic, inorganic-metal or composite 
materials, with hydrogen to be generated in the central annular zone from a 
dehydrogenation or reforming reaction and permeate via the next inner and most-inner 
membranes into the corresponding opposite tubular compartments, with a sweep 
compound to flow in the most inner and outer annular zones and with the permeate 
hydrogen to react with the sweep compound in the respective catalytic zones, in 
exothermic hydrogenation type reactions, which include: 

(a) hydrogenation reactions of hydrogen with an aldehyde or ketone to form a 
corresponding alcohol such as methanol, ethanol, propanol, butanol, 

(b) hydrocracking of hydrogen with a paraffin to form a mixture of paraffins and olefins 
with a lower carbon atom, such as hydrocracking of hexane to form butane, propane, 
propylene, ethylene, 

(c) hydrogenation reactions of hydrogen with an unsaturated hydrocarbon such as an 
alkene or alkyne to form a less unsaturated hydrocarbon, such as ethylene, propylene, 
butylene, 

(d) carbon monoxide reactions with hydrogen to form methanol or gasoline 
hydrocarbons, 

(e) nitrogen hydrogenation to ammonia, 

(f) reduction of an aromatic hydrocarbon with hydrogen to form a non-aromatic 
hydrocarbon, 
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(g) hydrogenation of an unsaturated alcohol, phenol, aldehyde, ketone, or acid with 
hydrogen to form a corresponding saturated component, 

(h) hydrogenation of an alkyl or aryl halide with hydrogen to form a corresponding non- 
halogen component via hydrogenolysis, 

(i) hydrogenation of a nitroalkane or aromatic nitro compound with hydrogen to form a 
corresponding primary amine, 

and with the olefin dehydrogenation product to exit from the outlet of the central annular 
zone, with the hydrogenation products to exit from the outlets of the most inner and outer 
annular zones, and with the membranes to act also as catalysts for the hydrogenation, 
dehydrogenation and reforming reactions. 

(new) The process of claim 47 wherein the hydrocarbon flowing in the central 
annular zone which undergoes dehydrogenation reaction is a single constituent or a 
mixture of constituents of the following components: 

methane, 

ethane, 

propane, 

n-butane, 

i-butane, 

natural gas rich in ethane and propane, 
naphtha, 

refinery or pipeline gas rich in ethane, 
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refinery or pipeline gas rich in propane, 

refinery or pipeline gas rich in butane, 

refinery or pipeline gas rich in isobutane, 

refinery or pipeline gas rich in ethane, propane, butane, isobutane, 

primary, secondary, and flue gas mixtures rich in ethane, propane, butane, 

isobutane, 

pure hydrogen which does not undergo any reaction in the central annular zone, 
hydrogen diluted with an inert gas which does not undergo any reaction in the 
central annular zone. 

eft 

4^. (new) The process of claim 47 wherein the hydrocarbon or alcohol flowing in 
the central annular zone which undergoes the steam and/or C0 2 reforming reaction is a 
single constituent or a mixture of constituents of the following components: 

methane, 

ethane, 

propane, 

n-butane, 

i-butane, 

methanol, 

ethanol, 

propanol, 

butanol, 
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naphtha, 
gasoline, 

natural gas rich in methane, 
coal gas rich in methane, 
landfill gas rich in methane, 
flue gas rich in methane, 
biomass gas rich in methane, 
and wherein the combined hydrocarbon and carbon dioxide gas mixture is one of the 

following: 

a CH4 and C0 2 mixture, 

acidic natural gas rich in CH4 and C0 2 , 

coal gas rich in CHt and C0 2 , 

landfill gas rich in CH4 and C0 2 , 

biomass gas rich in CH4 and C0 2 , 
other primary, secondary, refinery, and flue gas mixtures rich in CH4 and C0 2 . 

(new) The process of claim 47 wherein the central annular zone is empty and no 
catalyst or heating elements are contained within, with pure oxygen or diluted oxygen 
with an inert, or air to flow via the central annular zone, with methane gas to flow 
concurrently or countercurrently with the oxygen flow, in the most inner and outer 
cylinders, with the two inner membrane tubes to be made by porous or nonporous solid 
oxide membranes which consist of oxygen conducting metals mixed with inorganic metal 
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oxides to form two opposite oxygen-ion conducting membrane structures, with the most 
inner cylinder and the annular space between the next inner and outer cylinders to be 
filled with an active oxidation catalyst or with an oxidative coupling metal oxide type 
catalyst, in order to conduct exothermic methane oxidation or methane oxidation 
coupling reactions for production of hydrogen and carbon monoxide which can be used 
as synthesis gas or for production of ethylene, ethane, and other C 2 based hydrocarbon 
compounds respectively, with the membranes to act also as catalysts for the reactions, 
with the product gases formed to exit from the outlets of the most inner and outer 
catalytic annular zones and used as fuel gas in conventional and fuel cell power systems 
or as synthesis gas in consecutive downstream chemical reactions. 

^. (new) The process of claim 50 wherein the two enclosed inner solid oxide, 
oxygen conducting membrane cylinders and the methane activation catalysts contained 
within the catalytic zones, are made by one or more of the following materials: 

alumina (A1 2 0 3 ) 

titania(Ti0 2 ) 

silica (Si0 2 ) 

zirconia (Zr0 2 ) 
mixed with one or more of the following metals: 

Nickel 

Rhodium 

Ruthenium 
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Iridium 

Platinum 

Palladium 

Silver 

Gold 

and mixed with one or more of the following monometallic, bimetallic, 
multimetallic oxides: 

MO 

M0 2 



M3O4 

MNO3 

M-NO2 

M2O3-NO2 

MO-NO 

MO-N 2 0 

MO-NO2 

M,. x N x Z0 3 

Yttria stabilized Zr0 2 
Calcia stabilized Zr0 2 




M 2 0 



M 2 0 3 



Magnesia stabilized Zr0 2 

Ceria stabilized Zr0 2 
with each of M, N, Z, W to be selected from the group of the following metals: 
Zn, Ni, La, Li, Sr, Sn, Zr, Co, Fe, Mn, Mg, Pb, Ba, Ce, Cs, Y, In, Cr, Ca, K, 
and with the valence x, y to be less than one or one. 



